The strains of lactic acid bacteria (LAB) 
Introduction
The ever growing demand for high quality safe foodstuffs excludes application of synthetic food preservatives as well as of biopreservatives. Biopreservation is aimed at employment of antagonistic properties of microorganisms or products of their metabolism for inhibition or destruction of undesirable microorganisms in foodstuffs to enhance their safety and extend storage time. Biopreservatives should meet the following requirements: be of marginal toxicity, effective at low concentration, active in wide ranges of pH, harmless to foodstuffs, stable at thermal processing.
Currently lactic acid bacteria (LAB) and antimicrobial substances synthesized by them including bacteriocins are considered to be natural preservatives or biopreservatives. Usually there are three ways of bacteriocins application for biopreservation of foodstuffs: growth of LAB, which produce bacteriocins in foodstuffs; addition of purified or semi-purified biopreservatives to foodstuffs; use of products preliminary treated with bacteriocin-producing strains (1, 2, 3) . Bacteriocins are of great potential in biopreservation since they provide prevalence of the required microflora and inhibition of alien microflora that in its turn ensures safe flow of biological processes. For example, nisin obtained from Str. lactis is of interest due to its efficiency against a wide spectrum of Gram-positive organisms including Listeria monocytogenes, Clostridium botulinum and Streptococcus aureus.
In production of salami sausage (Italy) lactic acid bacteria Lactobacillus plantarum, L. curvatus producing bacteriocinlike substances were added to the sausage mass at various stages of ripening; in production of cheese, Lactococcus lactis and E. faecalis that formed bacteriocins preventing growth of strain-producers of histamines were added to a starter (5) . Strain Enterococcus mundtii GRL-35 synthesizes several bacteriocins some of which are used as biopreservatives. In spite of the fact that enterococcus do not appear as GRAS they have many positive properties that make possible to use them in foodstuffs production technology (6, 7) .
Earlier we had publications on investigation of application of supernatants of L. acidophilus 1991 and of other new LAB strains in processed cheese production technology with the purpose to extend its storage time (11 (9) .
To effectively use LAB as a basic component of treatment-and-preventive drugs and of functional nutrition products, study of biodiversity of lactic acid bacteria and their isolation from various Caucasian traditional fermented products are of vital importance in biopreservation. Great variety of ecological and geographical conditions of South Caucasian Republics promoted development of unique associations of lactic acid organisms in dairy products. Throughout centuries inhabitants of these regions have been preparing protein-rich traditional fermented products that have significant physiological, in particular, antagonistic and antioxidant activities. Isolation of new strains with unique properties, as well as exploration of mechanisms of bacterial sensitivity to the effect of various factors, ability to inhibit a wide range of microorganisms, both pathogenic and spoilage, study of regularities in formation of multicellular populations enabling cells to survive under extreme conditions will make possible to use them for the development of new preparations technology.
The goal of this work was investigation of antimicrobial properties of isolated new LAB strains, of the nature of antimicrobial LAB substances isolated from some kinds of salted cheese and the possibility of their use in biopreservation.
Materials and Methods

Bacterial strains
Strains of lactic acid bacteria were isolated from cheese: traditionally homemade semi-hard white Azerbaijanian cheese and salted cheese made of ovine, cow milk from natural farms of different regions of Armenia.
Primary selection of strains was carried out based on the presence of antimicrobial activity of supernatants obtained from culture liquid (CL) after growing of the investigated microorganisms on the MRS nutrient broth for 48 h, at 37°C. The selected lactic acid bacteria were studied for the ability to inhibit growth of contaminating microflora. For subsequent work genetically identified strains Enterococcus faecium ATCC 19434 S5 (Azerbaijan) and Pediococcus penthosus 28, L. acidophilus 1991, L. plantarum 103, L. plantarum 109, (Armenia) were selected.
Species belonging of some strains was determined by the method of 16S RNA sequence (P. pentosus 28, L. acidophilus 1991), the rest isolated LABs were identified by appropriate numbers.
Antimicrobial properties of supernatants obtained after growing of isolated LAB were checked on sporogenous microorganisms isolated from cheese and dairy products. Growing of isolated LAB strains was performed on nutrient media.
Obtaining of supernatants
Culture liquids obtained after growing of the researched microorganisms in MRS broth were centrifuged at 4000 rpm for 30 minutes to remove biomass. Supernatants were purified by the method of ion-exchange chromatography developed by us via passing CL through ion-exchange resins with Ku-2.8 and ED-10P (4). After purification of supernatants, partially purified antimicrobial preparations (AMP) had pH = 5.5-6, titratable acidity 250-300°T. The antimicrobial activity of supernatants was determined by the method of diffusion into agar. The results were estimated by measuring the size of zones of strains growth inhibition of the afore-mentioned microorganisms when they were applied on the agar surface in mm. Production samples of processed cheese stored at +3-4°C for 15, 30, 100 days were used in this work.
Gel filtration
Gel filtration of partially purified antimicrobial preparations (AMP) obtained after growth of new LAB in MRS broth for 48 h, at 37°C and purification by the method of ion-exchange chromatography was carried out by passing them (AMP) through a column (2.5×80 cm) charged with Toyoperal TP-50 F, Fine (Toyo Soda MFO, Co.LTD, Japan) or column with Sephadex G-25 (1.5×51.5). The columns were balanced with different buffers (0.01M K-Na phosphate buffer pH 7.2, 4M acetate buffer with 20mM of NaCl, pH=5. Further purification was performed by High Pressure Liquid Chromatography (HPLC) on Nucleosil Reverse Phase C18 column (8x200 mm).
Antimicrobial activity of the investigated LAB supernatants was determined on test cultures by the following methods: diffusion in agar surface, serial dilution. Antimicrobial activity was evaluated by measuring the size of the area of growth inhibition of test-cultures (Ø, mm) 24 h after incubation in a thermostat at 30°C.
Thermal stability of supernatants and AMP was determined in thermostat where they were kept for 30 min at 120°C followed by determination of their antibacterial activity. The dependence of antibacterial activity on pH was measured in the range of 3-11 by adding 1N hydrochloric acid (HCl) or 40% NaOH with further retention at room temperature for 4 h, followed by their activity determination.
The effect of various enzymes on activity manifestation was determined according to the known method: 200 l of the investigated supernatants were incubated with 20 l of the following enzymes: proteinase K, trypsin, catalase, pronase E in the amount 1mg/ml in 20 mM phosphate buffer рН=7.0, and pepsin 1 mg/ml in 20 mM HCl. After 2 h incubation at 37°C enzymes activity was stopped by heating up to 100°C for 5 min. pH of the samples under research was brought to 5.5-6 and checked for antibacterial activity (10).
Results and Discussion
It is known that biopreservation of a number of foodstuffs is accompanied with fermentation processes due to microorganisms activity. To determine sensitivity of the investigated LAB to enzymes, they were subjected to enzyme treatment under conditions appropriate for each of the enzymes. Proceeding from the obtained data, enzymes had different impacts on antibacterial activity of LAB strains. After treatment with trypsin and pepsin antibacterial activity was completely lost only in L. plantarum 103 strain. Strain E. faecium completely lost inhibiting activity after treatment with chymotrypsin and pronase E and partially lost its activity under the action of trypsin. After treatment with proteinase K, pronase E and trypsin insignificant drop of antibacterial activity in supernatants of the explored LAB Pediococcus penthosus 28, L. acidophilus 1991, L. plantarum 109 was observed. Diastase and catalase did not affect antimicrobial activity of the investigated strains. These results prove possible protein-like nature of antibacterial substances isolated by LAB.
The important property of strains used in biopreservation, probiotics and products of their metabolism is appearance of activity at low pH since decrease of medium pH results in ruin of many pathogen microorganisms. Analysis of literature shows that bacteriocins exhibit antibacterial activity in a wide range of рН=2.0-10.0. However, the majority of strains have maximum activity at low values of pH.
Determination of resistance of the investigated LAB and their supernatants to pH ranging 3.0-11.0 is of interest. The research data showed that supernatants of the investigated LAB strains isolated from salted cheese of Armenia retained their ability to inhibit growth of test-cultures at pH values in the range of 3.0-8.0. Supernatant of strain P. pentosus 28 exhibited maximum antibacterial activity at рН=5.0; supernatants of strains L. acidophilus 1991 and L. plantarum 103 -at рН=3.0; supernatants of strain L. plantarum 109 had the ultimate antibacterial activity at рН=4,0. Supernatant of strain E. faecium ATCC 19434 (S5) showed antibacterial activity in the range of рН=2.0-11.0. Thus, the investigated strains had antimicrobial activity in the range of рН=2.0-11.0; however, strains differed by values of pH at which manifestation of maximum antimicrobial activity was observed.
Study of thermal stability of supernatants and fractions obtained at different stages of purification showed that fractions of E. faecium S5 retained activity after thermal treatment within 2 h at 60°C, however, treatment for 30 min at 100°C led to partial loss of activity. Supernatants of strains P. pentosus 28, L. acidophilus 1991 and L. plantarum 103, L. plantarum 109 retained antibacterial activity after thermal treatment for 20 min at 121°C.
The results of mass spectrometry of fractions after HPLC showed that strain E. faecium synthesized bacteriocins with molecular weights 5217 and 5233 Da. After gel-filtration of supernatant of strain L. acidophilus 1991 three fractions were isolated with molecular weights 97000, 66000, >2200 Da, correspondingly. Analysis of fractions, of the strain P. pentosus 28 after gel filtration when determining of molecular weights of fractions having antibacterial properties showed that the given strain synthesized antimicrobial substances with molecular weights 12610 и 370 Da, and the strain L. plantarum 103 synthesized substances with molecular weights 3503.6 and <500 that had antimicrobial activity.
Inhibition of growth of contaminating microflora, in particular, of Listeria sp., Listeria monocуtogenes makes application of metabolism products of LAB strains promising for biopreservation.
It was shown that the strain Enterococcus faecium isolated from Azerbaijanian semi-hard white cheese inhibited the growth of Gram-positive bacteria isolated from contaminated microflora of foodstuffs, in particular E. faecalis, L.brevis, Leuconostoс gelidum, Listeria innocua, L. monocytogenes. Gram-negative bacteria were not inhibited by this strain. The strains P. pentosus 28, L.acidophilus 1991, L. plantarum 103 and L. plantarum 109 isolated from Armenian salted cheese were able to inhibit the growth of Gram-negative bacteria, conditionally pathogenic and pathogenic microorganisms and pathogenic microflora, isolated from the organs of sick animals (S. thyphimurium, B.
subtilis, E. coli, P. vulgaris, E. cloacae).
The possibility of supernatants of several strains to inhibit growth of spore-forming microflora, which caused spoilage of food products, was researched. Table 1 illustrates results of growth inhibition of sporeforming microflora in foodstuffs by some LAB.
As is obvious from the given data, the obtained supernatants of the researched bacteria inhibited the growth of contaminating microflora in meat products practically with the same efficacy, while in dairy products the efficacy was different. The greatest percentage (80-90%) was observed when the supernatants of the strains P. pentosus 28, L. plantarum 109 and L. plantarum 103 were added to the cheese mass separately at the stage of its homogenization at 80-95°C. Supernatants of strains L. acidophilus 1991 and L. plantarum 109 were added to meat stuff in a definite amount ( Table 2) . 
Conclusions
Application of 5% supernatant of P. pentosus 28 in the technology of processed cheese production causes decrease in the level of common contamination by 3 log 10 degree, while adding of 0.5% of L. acidophilus 1991 results in 3 log 10 degree drop in the level of contamination on the 30 th day of storage at 4°C. This allows extending the shelf life of processed cheese in both cases without change in organoleptic coefficients. For comparison, the use of lactacin 3147 of two-component bacteriocin in the production of Cheddar cheese leads to decrease in the level of common 
